Abstract: is study measures the job and population accessibility via transit for Beijing using the cumulative opportunity metric. It is shown that transit accessibility varies widely across Beijing, but is highly focused on subway stations. Early lines added far more accessibility than more recently planned lines.
       . is study computes population accessibility via transit (using walk access and egress) in Beijing for 2000 and 2010, job accessibility in 2013 , and correlates the expansion of the network with accessibility. By examining the contribution of each individual Subway Line, the cost effectiveness of routes can be ascertained, which may help future planning. is study complements previous research by the author and others on transit networks development and land use change (Block-Schachter and Zhao 2015; King 2011; Levinson 2008; Levinson et al. 2015; Xie and Levinson 2009) .
Sections 2, 3, 4, and 5 discuss the Data, Methods, Results, and Conclusions in turn.
Data
e Beijing urban zone within the Sixth Ring Road comprises the study area. Beijing is divided into Jiedao (meaning 'subdistrict' in Chinese), the basic administrative unit in Chinese cities and the lowest geographic level reported in publicly accessible government statistical reports. is study uses three classes of data: land use, population and employment, and network data, which are described in turn.
Land use data
Land use data came from the 2004 Land Use GIS database maintained by the Beijing Urban Planning Department. We select the 7540 residence polygons and 9279 employment polygons within the Sixth Ring Road. In order to generate a finer resolution accessibility map, we choose a 200-meter grid (each cell is 40,000 m 2 ), resulting in 57,625 grid cells, and created centroids for each cell. If we were to choose the Jiedao centroid level, the accessibility maps would have coarse resolution. On average this disaggregated presentation and analysis better reflects the spatial distribution of activity than assuming a uniform value across the Jiedao.
Population and employment data
Population data were obtained for the 178 current Jiedao administrative districts inside the Sixth Ring Road, from the 2000 and 2010 national population Census. e population in other years is linearly interpolated or extrapolated. Employment data in 2013 by local authority are available from the third China National Economic Census.
e population and employment data at the parcel or other local land use area were unavailable, so the research team distributed the 178 Jiedao population and employee data into the residential and employment polygons according to the land use data and assuming uniform density within residential polygons in each Jiedao, and similarly, uniform employment density for employment polygons within each Jiedao.
where k B = the residential land use areas of Jiedao B, k i is the area of residential cell i . P B is the population of Jiedao B. From these P i is obtained, the population within cell i .
where l B = the employment land use areas of Jiedao B, l i is the area of employment cell i . E B is the employment of Jiedao B.
From these E i is obtained, the employment within cell i . e other transit attributes include the 18 different subway speeds and departure headway, which differ by line and are set according to the subway company website (Table 1 ). In addition Bus transit lines are set at 17 km/h uniformly, departure headway is set to 10 min, pedestrian speed is 4.5 km/h according to Baidu map. 
Methods
e Cumulative Opportunity Measure is a widely used and easily understood method to calculate accessibility (Ingram 1971; Vickerman 1974; Wachs and Kumagai 1973) . It counts the number of opportunities (destinations) within a given travel time threshold using a certain transportation mode.        . For accessibility to jobs, the opportunity refers to the number of jobs. Hence, the cumulative opportunity measure for job accessibility is typically expressed as:
Access to population is similarly:
Where: A j ob ,i stands for the job accessibility of cell i , A po p,i stands for the population accessibility of cell i , C i j stands for the shortest transit travel time between cell i and cell j , T represents the travel time threshold. (Here 30 minutes) e cumulative opportunity measure is a simple way to explain and calculate accessibility since its cost function is binary, which is determined by the predetermined time threshold and the cost. is measure of cumulative opportunity is calculated for each grid cell using the data described in Section 2.
Person-weighted accessibility
Person-weighted accessibility (PWA) computes an overall weighted average of the accessibility, where the weights the accessibility of many locations are the population of each. e primary benefit of PWA is that it reduces the analysis to one number, allowing for internetwork and intranetwork comparison. PWA to jobs is computed as
and similarly PWA to population is:
Accessibility calculation procedure
Shortest transit travel time calculations for each OD pair are performed using network analysis toolbox in ArcGIS soware. e time of travel by transit is comprised of several components:
• the time of traveling from the origin to a bus stop or subway station, • the time waiting for a vehicle (half the headway),
• the time on-board a transit vehicle, • transfer access time • transfer wait time, and • time spent traveling from the final transit station to the destination. Each of these components is modeled explicitly.
e accessibility analysis here is strictly time-based. Fares during the study period were heavily subsidized by the Beijing government, however new pricing schemes since 2014 have changed fares. Future research could address the influence of transit fares on accessibility (El-Geneidy et al. 2016) .
Results

Job and population accessibility
e Jiedao districts with a high job density mainly concentrate north of Subway Line 1 between the 2nd and 4th Ring Roads as shown in Figure 2 . Furthermore most of the districts outside of the 5th Ring Road have very low job density. It indicates that job opportunities are still predominantly in the urban core.
e Jiedao districts with a high population density mainly were located in the west area inside the 3rd Ring Road in 2000 (See Figures 3(a)-3(c) ). However, the Jiedao districts with high population density mainly were located in the north and south area between 2nd and 4th Ring Roads in 2010. Great change in population density has taken place between the 4th and 6th Ring Roads between 2000 and 2010. Accordingly most employment opportunities still assemble within the core urban zone while population has spread outside. So employment and housing became increasingly detached. Figure 4 shows that overall the area within the 4th Ring Road has comparatively high accessibility and most of the north parts of this zone can reach more than 100,000 jobs in 30 minutes by walk and transit. ere is comparatively less job accessibility outside the 4th Ring Road for there are fewer bus lines and employment opportunities. In addition, as expected the area within the highest job accessibility lies along the main subway stations in the urban core. To be clear, there are some large subcenters with a job accessibility of more than 25,000 outside the 5th Ring Road. e job accessibility value decays with distance from subway stations. Turning to the question of efficiency of PWA, the subways of the urban core zone and outlying suburbs have an obvious efficiency gap shown in Figure 7 . e subway lines to outlying suburbs such as the lines serving Changping, Fangshan, and Jichang have comparatively lower efficiency (PWA per km of line) value as shown. In contrast, the subway lines serving the urban core (Lines 2, 4 and 5) generally have higher efficiency values. Table 2 provides the numeric values of incremental accessibility, length, and efficiency associated with each subway line. e earliest planned lines (with lower numbers) are generally the most efficient. e more recent (named) lines are much less efficient, and are serving in many cases as yet undeveloped or underdeveloped greenfields.
Regression model
Results from the OLS regression models are presented in this section and summarized in tables 4, 5, and 6.
Model 1 (Table 3) and Model 2 (Table 4) show that change in population is positive and significantly correlated with number of subway stations. Similarly, accessibility to population is positively associated with change in number of stations. Because we only have one time period, it is not possible to infer causality from these relationships, however the results are consistent with a positive feedback system (more population attracts more transportation investment, which increases accessibility, and attracts more population).
Model 3 (Table 5) shows that job accessibility is positively associated with number of stations, but negatively associated with population accessibility change, suggesting employers may be pricing residences out of certain areas, consistent with the case in London in the 19th century (Levinson 2008) .
Conclusions
is research measured public transit accessibility in Beijing, and associated it with change in population and investment in new subway lines. It finds diminishing returns to subway investment, particularly new suburban lines, which produce far less accessibility (jobs reachable within 30 minutes) than do earlier more urban lines, aer controlling for length of the lines. Lines to undeveloped, low density greenfields are logically more speculative than lines in already built up but underserved areas. Each line needs to be analyzed on its merits, and macro-economic notions of general infrastructure investment being valuable (Aschauer 1989) , regardless of where it is applied, are misleading, even in relatively fast-growing economies like China. While it is too early to say whether China, like the US (Iacono and Levinson 2016) , is yet a mature economy with regard to infrastructure, it is rapidly maturing, and faces the same general process of deployment, with large gains in lines designed in the early years, and fewer gains in the more recently planned subway lines serving unproven and speculative ar- 
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Accessibility and the evaluation of investments on the Beijing subway  eas outside the urban core. ose lines may eventually pay off by channeling development, but there are no guarantees, unlike urban lines which are much more of a sure bet in Beijing.
